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Abstract

Background: Hookah smoking has pointedly increased worldwide and could have

different harmful health effects. However, long term hookah smoking effects on

chronic diseases has not been well studied. This study was aimed to investigate the

relationship between hookah smoking with metabolic syndrome and diabetes.

Methods: In this prospective study, the baseline data from 3695 participant (35−70

years old) of Bandar‐e‐Kong cohort study in Hormozgan province, Iran were used. In

this study, data were collected through the questionnaires designed in the Kong

cohort study and 25mm of blood sample. All analyses were performed using SPSS

version 27.0 and the ggplot2 package in RStudio version 2023.06.1 + 524. p < 0.05

was considered a significant difference.

Results: The prevalence of hookah smoking was 17.3% in total. Also, the prevalence

of metabolic syndrome, diabetes, hypertension, and dyslipidemia were 35.6, 15.2,

31.2, and 78.0%, respectively. Our results showed that there were statistically

significant relationship between hookah smoking and metabolic syndrome, hyper-

tension and diabetes (p < 0.05). In the case of dyslipidemia, hookah smoking was also

associated with increase in dyslipidemia (p < 0.05).

Conclusions: More evidence is needed to understand the mechanism of hookah

smoking and these health effects. As well as, health education and increasing public

awareness about the health effects of hookah smoking and implementation of

smoking prohibition policies are highly recommended.
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1 | BACKGROUND

Although cigarette smoking is the dominant form of tobacco use in

many countries, hookah smoking (waterpipe, shisha, narghile, arghile,

oriented pipe, and hubble bubble) accounts for a significant and

growing share of tobacco use globally.1 Hookah has been used in the

Middle East for centuries.2 Hookah use has been raised as an

important problem in Arabian countries, Turkey and Iran.3–9 Accord-

ing to a review study in 2022, the prevalence of hookah consumption

in the world was 9.6%, with the Eastern Mediterranean region

(10.7%) having the highest prevalence after Europe (10.9%).10 The

prevalence of hookah smoking has increased significantly in Iran:

form 0.2% in 2016 to 4.5% in 2021.5,11 Also, Hormozgan province

with a prevalence of 30.6% has the fourth rank of hookah smoking in

Iran.12

The hookah smoking leads to a high volume of smoke that

contains 80 times more toxic chemicals than cigarette smoke.13

Hookah smoke contains higher levels of carbon monoxide (CO) and

polyaromatic hydrocarbons than cigarettes, which enter the body and

accumulate there14 and led to different cancers.15 In addition,

hookah smoking is usually associated with long‐term sitting in cafes,

which leads to inactivity and increased food consumption and

obesity.16 Obesity makes people susceptible to noncommunicable

diseases such as diabetes and metabolic syndrome.17

Metabolic syndrome is associated with various symptoms such as

increased abdominal obesity, increased blood pressure, decreased

high‐density lipoprotein (HDL) cholesterol, increased serum triglycer-

ides, and increased glucose concentration.18 Metabolic syndrome

leads to increased risk of cardiovascular diseases, cancer and type 2

diabetes.19 Obesity is a common feature in people with metabolic

syndrome18 and is closely related to insulin resistance and the

development of type 2 diabetes.20 The type 2 of diabetes is one of

the complications of obesity and metabolic syndrome with similar

causes and underlying pathophysiology, which is clinically character-

ized by hyperglycemia caused by insulin resistance.21 Metabolic

syndrome as a global health problem affects 8.8% of people

worldwide.22 However, 38% of the Iranian population have metabolic

syndrome.23 Although the effects of cigarette smoking on health

including metabolic syndrome24 and diabetes25–28 have been well

studied, limited studies have focused on the relationship between

hookah use and metabolic syndrome and diabetes.18,29–31 Limited

studies have been conducted in worldwide with different socio‐

demographic characteristics, or in the central and Eastern of Iran18,19

where hookah use and metabolic syndrome have a low prevalence, or

specific populations such as patients.20

Considering the prevalence of unhealthy lifestyles including

inactivity and unhealthy diet in Hormozgan region,21 as well as the

high prevalence of hookah and cigarette smoking,22,23 more evidence

is needed to better understand and confirm the relationship between

hookah use and non‐communicable diseases such as diabetes and

metabolic syndrome. Therefore, this study was aimed to investigate

the relationship between hookah smoking with metabolic syndrome

and diabetes.

2 | MATERIALS AND METHODS

2.1 | Study design

This prospective study obtained its data from Bandare‐Kong Non‐

Communicable Diseases (BKNCD), which is part of the Prospective

Epidemiological Research Studies in IRAN (PERSIAN).32 According to

the Kong cohort protocol, the inclusion criteria was the age range of

35−70 years. In this study, census method was used to collecting

data. we analyzed the baseline sample that was enrolled in October

2016, and the participants were scheduled to be re‐evaluated every 5

years, with an annual follow‐up. Exclusion criteria were incomplete

records and pregnant women. Details of inclusion and exclusion of

participants are shown in Figure 1.

2.2 | Data collection

In this study, data were collected through the questionnaires designed in

the Kong cohort study, which is registered in the system, by a fully trained

and experienced person by visiting the place of the Kong study and face‐

to‐face interviews. Sociodemographic data were collected using face‐to‐

face interviews by trained interviewers. The participants were asked to

attend the next stage fasting. To collect biological samples, 25mm of

blood was collected from each individual using Vacutainers (Greiner

Bio‐One International GmbH). Then the blood was centrifuged and divi-

ded into different amounts and stored in a freezer (−70°C) after labeling.

2.3 | Definition of variables

In this study, diabetes was defined as FBG≥126mg/dL or treated with

oral hypoglycemic drugs and/or insulin. As well as, the presence of

metabolic syndrome was determined using the International Diabetes

Federation criteria.30 To diagnose hypertension (HTN), the Joint National

Committee on Prevention, Diagnosis, Evaluation, and Treatment (JNC‐7)

classification was used.31 Accordingly, people who had a systolic blood

pressure of 140mmHg or more, and/or a diastolic blood pressure of

90mmHg or more were considered hypertensive. People taking

antihypertensive drugs were also considered to have HTN. Dyslipidemia

was defined as TC≥200mg/dL (5.18mmol/L), or LDL‐C≥130mg/dL

(3.36mmol/L), or TG≥150mg/dL (1.69mmol/L), or HDL‐C<40mg/dL

(1.03mmol/L) in men and<50mg/dL (1.30mmol/L) in women.32 To

assess whether participants had experienced hookah smoking or not, a

question was used: “Have you ever smoked hookah in your lifetime?”

Which answer category was “Yes or No.”

3 | ETHICAL CONSIDERATIONS

The Ethics Committee of the Hormozgan University of Medical

Sciences approved this study (Ethics code: IR.HUMS.REC.

1402.317) which is in compliance with the statements of the
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Declaration of Helsinki. Informed consent was obtained from all

participants.

3.1 | Statistical analysis

Continuous variables were compared using Student's t‐test and

expressed as mean ± standard deviation (SD) and categorical

variables were compared using the Chi‐squared test and presented

as frequencies (percentage). The aim of this study is to investigate

the relationship between hookah smoking and each of four

dependent variables metabolic syndrome, diabetes, hypertension,

and dyslipidemia. Therefore, we used univariable and multivariable

logistic regression models. In univariable analysis, we explored the

association of explanatory variables with each dependent variable.

In multivariable analysis, we had three logistic regression models

based on three sets of adjusted covariates. Model 1, adjusted for

age and sex. In Model 2, depending on the response, for each

dependent variable (metabolic syndrome, diabetes, hypertension

and dyslipidemia), the adjusted covariates included age, sex, and

3 of the 4 aforementioned variables. For example, when metabolic

syndrome was a dependent variable, the adjusted covariates

included age, sex, obesity, diabetes, hypertension, and dyslipide-

mia, and Model 3 was applied based on Model 2 adjusted for

region of residence, education level, and physical activity. Crude

odds ratio (cOR), adjusted odds ratio (aOR), and 95% confidence

intervals (CIs) were calculated to assess the strength of the

relationship between the explanatory and dependent variables. All

analyses were performed using SPSS version 27.0 and the ggplot2

package in RStudio version 2023.06.1 + 524. For statistical

analyses using the two‐sided test, p < 0.05 was considered a

significant difference.

F IGURE 1 Details of participant's inclusion, exclusion, and analysis.
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4 | RESULTS

4.1 | Baseline characteristics

The baseline characteristics of total study population (n = 3695)

are presented in Table 1. Among the participants of 44.1% were

male and 55.9% were women. The mean age of total participants

was 48 ± 9.36 years and there was no significant difference in

mean ages of men and women. The prevalence of hookah

smoking was 17.3% in total, 22.7% in men and 13.1% in women.

Also, the prevalence of metabolic syndrome, diabetes, hyper-

tension, and dyslipidemia were 35.6%, 15.2%, 31.2%, and 78.0%

respectively. The percentage of diabetes, dyslipidemia, hyper-

tension, and metabolic syndrome based on hookah smoking are

shown in Figure 2.

4.2 | Metabolic syndrome

The results of univariable and three multivariable logistic

regression models when the metabolic syndrome was used as

the dependent variable are summarized in Table 2. According to

the univariable model, the relationship between hookah smoking

and metabolic syndrome was significant (cOR = 1.32, 95% CI:

1.08–1.51, p = 0.003). For example, the odds of metabolic

syndrome in people who used hookah was 32% higher than their

counterparts. Also, all other variables (age, sex, obesity, educa-

tion, hypertension, diabetes, dyslipidemia, and physical activity)

had a significant relationship with the metabolic syndrome. The

effect of hookah use remains significant in all three multivariable

models when the effects of other covariates were adjusted. After

adjusting all covariates, in Model 3, there were no significant

TABLE 1 Baseline characteristics of study population.

Variables Total (n = 3695) Male (n = 1628) Female (n = 2067)
p ValueaContinuous (Mean  SD) (Mean  SD) (Mean  SD)

Age (In year) 48.05 ± 9.36 48.15 ± 9.5 47.98 ± 9.2 0.571

Categorical N (%) N (%) N (%)

Residence Urban 3140 (85) 1407 (86.4) 1733 (83.8) 0.029

Rural 555 (15) 221 (13.6) 334 (16.2)

Education level <6 years 2167 (58.6) 710 (43.6) 1457 (70.5) <0.001

6−12 years 120 (0.7) 720 (44.2) 490 (23.7)

>12 years 319 (8.6) 198 (12.2) 120 (5.8)

Physical
Activity

Low 1230 (33.3) 550 (33.8) 680 (32.9) <0.001

Moderate 1235 (33.4) 485 (29.8) 750 (36.3)

Vigorous 1230 (33.3) 593 (36.4) 637 (30.8)

Obesity Normal and

underweight

1371 (37.1) 731 (44.9) 640 (31) <0.001

Overweight 1438 (38.9) 632 (38.8) 806 (39)

Obese 886 (24) 265 (16.3) 621 (30)

Hookah No 3049 (82.7) 1256 (77.3) 1793 (86.9) <0.001

Yes 639 (17.3) 369 (22.7) 270 (13.1)

Metabolic
Syndrome

No 2381 (64.4) 1128 (69.3) 1253 (60.6) <0.001

Yes 1313 (35.6) 500 (30.7) 814 (39.4)

Diabetes No 3134 (84.8) 1423 (87.4) 1711 (82.8) <0.001

Yes 561 (15.2) 205 (12.6) 356 (17.2)

Hypertension No 2539 (68.7) 1123 (69) 1416 (68.6) 0.807

Yes 1153 (31.2) 505 (31) 648 (31.4)

Dyslipidemia No 812 (22) 438 (26.9) 374 (18.1) <0.001

Yes 2883 (78) 1190 (73.1) 1693 (81.9)

ap Values are formed from the results of independent samples t‐test for Age and Chi‐squared test for categorical variables.

4 of 12 | SHAHABI ET AL.



effects of sex, education levels, and physical activity. While, the

odds of metabolic syndrome in people who used hookah was

almost two times higher than their counterparts (aOR = 1.89, 95%

CI: 1.70–2.14, p < 0.001). The odds of obese people to have

metabolic syndrome is significantly higher than normal and

underweight group (aOR = 13.031, 95% CI: 9.96–17.04,

p < 0.001). Also, the overweight people had a significantly higher

odds of metabolic syndrome than normal and underweight group

(aOR = 4.809, 95% CI: 3.79–6.09, p < 0.001). Having diabetes,

hypertension, and dyslipidemia increase the odds of metabolic

syndrome (aOR = 9.35, 95% CI: 7.08–12.35, p < 0.001), (aOR =

7.05, 95% CI: 5.73–8.66, p < 0.001), and (aOR = 7.03, 95% CI:

5.23–9.44, p < 0.001) times respectively.

4.3 | Diabetes

Hookah use had significant effect on diabetes both in the univariable

and multivariable models. In other univariable models there were

significant associations between independent variables and diabetes

except the region of residence (p = 0.163). In Model 3, after adjusting

other variables, the odds of diabetes in people with hookah use was

57% higher than their counterparts (aOR = 1.57, CI: 1.36–1.89,

p < 0.001). People who had vigorous and moderate physical activity,

respectively had 32% (aOR = 0.68, CI: 0.53–0.87, p = 0.002) and 35%

(aOR = 0.65, CI: 0.51–0.83, p = 0.001) lower odds of diabetes than

who had low physical activity (Table 3). While variables hypertension,

region of residence, and education level had no significant effect on

diabetes.

4.4 | Hypertension

Hookah smoking increased the odds of hypertension significantly by

34% in the univariable model (cOR = 1.34, 95% CI: 1.12–1.60,

p = 0.001). Also, by controlling sex and age in model 1, the odds

hypertension in people who use hookah was 54% higher than people

who did not use hookah (aOR = 1.54, 95% CI: 1.29–1.86, p < 0.001).

Whereas the effect of hookah was not significant in multivariable

models 2 and 3. The odds of diabetes were not different in men and

women in the univariable model (cOR = 1.02, 95% CI: 0.88–1.17,

p = 0.816) and Model 1 (aOR = 1.04, 95% CI: 0.89–1.22, p = 0.574),

while after adjusting other covariates, the variable of sex had a

statistically significant effect and women had higher odds of

hypertension than men in multivariable models 2 and 3. Higher

levels of education and physical activity cause lower odds of

hypertension in models 2 and 3. The odds of hypertension in people

who had metabolic syndrome were 6.86 times the odds of

hypertension in people who did not have metabolic syndrome

(Table 4).

4.5 | Dyslipidemia

Hookah smoking significantly increased the odds of dyslipidemia by

80% in the univariable model (cOR = 1.80, 95% CI: 1.36–1.98,

p < 0.001). Whereas the effect of hookah smoking was not significant

in multivariable models. Metabolic syndrome had an enormous

significant effect on dyslipidemia in the Model 3 (aOR = 5.75, 95%

CI: 4.39–7.55, p < 0.001). Physical activity did not have a significant

F IGURE 2 The percentage of diabetes, dyslipidemia, hypertension, and metabolic syndrome based on hookah use.
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effect on hypertension in Model 3. All other adjusted covariates in

the model 3 had a significant effect on hypertension (Table 5).

5 | DISCUSSION

In this study, we found that the proportion of hookah smoking was

17.3%, the proportion of metabolic syndrome, diabetes, hypertension and

dyslipidemia were 35.6, 15.2, 31.2, and 78.0%, respectively. Our results

showed that there were statistically significant relationship between

hookah smoking and metabolic syndrome, hypertension and diabetes. In

the case of dyslipidemia, hookah smoking was also associated with

increase in dyslipidemia. Based on our findings, there a statistically

significant relationship between hookah smoking and metabolic syn-

drome. As well as, considering metabolic syndrome as a dependent

variable, other variables (age, gender, obesity, education, hypertension,

diabetes, dyslipidemia, and physical activity) had a significant relationship

with metabolic syndrome. In the same direction, previous studies also

shown that the risk of metabolic syndrome was statistically higher among

smokers than nonsmokers.24,30,31 In a population‐based study by Saffar

Soflaei et al. also hookah smoking was strongly associated with metabolic

syndrome.18 Other studies have also shown that cigarette smoking is

significantly associated with metabolic syndrome.33–35 In the study of

Kang and Song (2015) in South Korea, it was shown that smoking was

significantly higher in people with metabolic syndrome.36 In the case of

relationship between metabolic syndrome and education, level, it can be

stated that with the increase in education level, the awareness of healthy

lifestyle increases, which can be effective in reducing the risk factors of

metabolic syndrome. On the other hand, married people are likely to have

a healthier lifestyle and diet than single people.

The results of the current study also showed that there is a

statistically significant relationship between hookah smoking with

hypertension and diabetes. In the same direction, results of a study

on the health effects of hookah smoking, showed a positive relation

between hookah and diabetes,37 as well as, hypertension was the

most commonly reported health problems among the hookah

smokers.37 Previous studies showed that hookah smoking increased

the hypertension and the risk of overall cardiovascular events.38,39

The relation between cigarette smoking and diabetes is well known in

previous studies, but the effects of hookah smoking have not been

studied extensively.27,40,41 In a population‐based study, hookah

smoking was strongly associated with diabetes mellitus.18 Although

the molecular mechanisms by which hookah smoking causes

metabolic syndrome were not investigated in our study, but it can

be argued that hookah smoking induces oxidative stress by affecting

the activity of transcription factors and the release of stress

hormones, and lead to several diseases.42

In our study, hookah smoking was significantly associated with

increased in dyslipidemia. In a study by Chwyeed et al. (2018),

hookah smoking changed lipid profile, where it increased the

triglycerides and LDL levels.43 The prevalence of dyslipidemia in

smokers was also higher than non‐smokers in the Kurdish population

of Iran.44 In a study in South Korean, smokers presented with a

higher chance of dyslipidemia compared to nonsmokers.45 In another

study, among the boys, the HDL‐C levels were significantly lower if

exposed to passive secondhand smoking frequently.46 In a study,

results have shown that smoking reduces total cholesterol, LDL and

HDL,47 another has showed the increases total cholesterol, LDL‐C,

and triglyceride with a decrease in HDL‐C levels.48 Although this

conflict has been observed after controlling for confounding factors

such as age, gender and BMI,49 which difference in results can be due

to differences in diet or weather conditions in the studied

populations. As well as, these conflicts could be due to the

association between serum lipids levels and other factors such as

the use of alcohol consumption, diet, physical activity, and

consumption of various tobacco products. In general, our findings

regarding the harmful health effects of hookah smoke chemicals are

biologically acceptable with different points of view. The biological

mechanisms responsible for the effects of hookah smoking on the

biochemical data of smokers are clear.

Hookah smoking has strangely increased globally mainly among

younger people. Regarding the confirmed harmful health effect in our

study, as well as previous studies, hookah smoking will pose different

health consequences due to chronic exposure. Along with proving

the association between hookah smoking and metabolic conditions, it

is necessary to take more comprehensive public health measures to

reduce its use. Longitudinal studies on different age groups and

different types of tobacco products available in the market can

provide appreciated insights on this topic and guide the development

of this public strategy. There are beliefs that hookah smoking is

harmless compared to cigarettes; which health education and

increasing public awareness (all age groups) about the health effects

of hookah smoking are highly recommended to change of this

incorrect view.

The main strength of our study is its population‐based project

and a fairly large sample (n = 3695) to examine relationships between

hookah smoking and metabolic syndrome. Our study has also some

limitations which need to be specified. First, our study was only

conducted in one province of Iran and results may not be

generalizable to other provinces/areas of this country. Second, the

question related to the use of hookah was answered as “yes or no”

and the participants did not report the duration and frequency and/or

times of smoking per day. Therefore, failure to mention the duration,

number and frequency of hookah smoking per day/week can affect

our results. This study did not include individuals under 35 and over

70 years of age. Therefore, the results could not be generalized to all

age groups. Finally, participants of this study no mentioned used to

traditional hookah or fruit‐favorited hookah, which the type of

tobacco used may affect our results.

6 | CONCLUSION

In conclusion, hookah smoking have significant relationship with

metabolic syndrome, diabetes, hypertension and dyslipidemia in

participants of Kong cohort study. More evidence is needed to
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understand the mechanism and the effects of exposure/smoking

duration between hookah smoking and these health effects. As well

as, health education and increasing public awareness about the health

effects of hookah smoking and implementation of smoking prohibi-

tion policies are highly recommended.
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